Abstract: A total of 144 crossbred pigs [(Landrace × Yorkshire) × Duroc] with an initial body weight (BW) of 25.7 ± 2.3 kg were used in a 16-wk study to evaluate the effects of xylanase supplementation in growing-finishing pigs. Treatments were as follows: control diet (CON); low-energy diet (LX) + 0.01% xylanase; and alternative diet (AX) + 0.01% xylanase. From weeks 0 to 6, pigs in the AX treatment had greater (P < 0.05) average daily feed intake (ADFI) than those in the CON treatment. On the sixth week, higher (P < 0.05) apparent total tract digestibility (ATTD) of energy was observed in the AX treatment compared with the CON treatment. Pigs fed the AX diet had the lowest (P < 0.05) ATTD of energy among all of the treatments on week 12. At the end of the experiment, the ATTD of dry matter (DM) of pigs in the LX treatment was higher (P < 0.05) than those in the AX and CON treatments.
Introduction
Many feed ingredients used in monogastric animal diets contain significant quantities of antinutritional factors (ANFs) that limit both their feed value and their use. Wheat is a cereal fed commonly to pigs; however, the presence of nonstarch polysaccharides (NSPs) can have antinutritive effects (Pluske et al. 2001) . Besides, distiller's dried grains with solubles (DDGS) produced from wheat are also available for swine feeds. During the fermentation process, most of the cereal starch is consumed, producing ethanol and carbon dioxide. The remaining fiber, protein, and fat are concentrated. Arabinoxylans are the predominant component of fiber or NSP in wheat and wheat DDGS (Widyaratne and Zijlstra 2007) , which are poorly digestible and capable of reducing nutrient digestibility by encapsulation and by increasing digesta viscosity (Kim et al. 2005) . Some evidence exists that the use of exogenous enzymes, especially xylanase, can remove some of these antinutritive effects (Selle et al. 2003) . Ao et al. (2010) reported that supplementation of NSPase (a product containing mainly α-1,6-β-galactosidase, β-1,4-mannanase, and β-1,4-mannosidase) at a level of 0.10% improved growth performance, as well as nitrogen (N) digestibility, and partially improved apparent ileal amino acid digestibility in growing pigs fed a diet based on corn and soybean meal. In contrast, the recent study reported that growth performance (average daily gain, feed intake, and efficiency) was not affected by xylanase supplementation (Atakora et al. 2011 ). Partridge and Bedford (2000) summarized that growing-finishing pigs receiving enzyme-supplemented diets usually fail to show consistent improvements in nutrient digestibility and growth performance. Widyaratne et al. (2009) reported that xylanase did not affect total tract digestibility of energy in growing-finishing pigs fed either wheat or wheat DDGS.
Therefore, the hypothesis of this study is that supplementation of xylanase in high-level wheat diets (low energy) enhances performance. The objective of this experiment is to evaluate the effects of different combinations (high-level wheat with NSP) and xylanase supplementation on growth performance, digestibility, fecal gas emission, and meat quality in growing-finishing pigs.
Materials and Methods

Experimental design, animals, and diets
The experimental protocol used in this study was approved by the Animal Care and Use Committee of Dankook University. A total of 144 crossbred pigs [(Landrace × Yorkshire) × Duroc] with an average initial body weight (BW) of 25.7 ± 2.3 kg were selected for this 16-wk study. Pigs were randomly allocated to one of three treatments according to their BW and sex with 12 replicates per treatment and four pigs per pen (two gilts and two barrows). The enzyme preparation used in this study is Nutrase Xyla® (Nutrex Nv, Lille, Belgium), and the producing microorganism is Bacillus subtilis. It is a specific endo-1,4-β-xylanase (IUB: EC 3.2.1.8; 9000 U g −1 ) with an optimal activity at neutral pH and up to 80°C. The dietary treatments were as follows: CON, control diet; LX, low-energy diet + 0.01% xylanase (0.357 enzyme activity in optical density); AX, alternative diet (highlevel wheat with NSP) + 0.01% xylanase. The LX and AX were low-energy treatments, formulated to be about 61, 25, and 24 kcal lower metabolizable energy (ME) for LX and 190, 599, and 643 kcal) lower ME for AX than were listed for three growth phases (grower, early finisher, and late finisher, respectively) for pigs. All of the diets were formulated to meet or exceed National Research Council (NRC 2012) recommendations (Table 1) .
Experimental procedure
Pigs were housed in an environmentally controlled room (temperature approximately 24°C) with slattedfloor facility in 36 adjacent pens (1.8 m × 1.8 m each) and were allowed ad libitum access to feed and water. Individual body weight was measured at the end of weeks 6, 12, and 16, and feed consumption per pen was recorded during the experimental periods to monitor the average daily gain (ADG), average daily feed intake (ADFI), and ratio of gain to feed (G/F).
Chromic oxide (0.20%) was added as an inert indicator for the determination of fecal nutrient digestibility at the beginning of weeks 6, 12, and 16. At the end of weeks 6, 12, and 16, fresh fecal grab samples collected from the same two pigs per pen were mixed and pooled, and representative samples was stored in a freezer at −20°C until analyzed.
At the end of the experiment, the backfat thickness of all pigs was measured at 6 cm off the midline at the 10th rib using a real-time ultrasound instrument (Piglot 105, SFK Technology, Herlev, Denmark). At the end of the experiment, all pigs were slaughtered at a local commercial slaughter house. After chilling at 2°C for at least 24 h, a piece of the right loin was removed between the 10th and 11th ribs.
Sample preparation and chemical analyses
Before chemical analysis, the fecal samples were thawed and dried at 70°C for 72 h, after which they were finely grounded to a size that could pass through a 1 mm screen. The concentrations of dry matter (DM) and N were determined using the Association of Official Analytical Chemists (2000) method, and the concentration of chromium was analyzed by UV absorption spectrophotometer (Shimadzu, UV-1201, Japan) following the method described by Williams et al. (1962) . The gross energies in the feed and feces were determined using a Parr 6100 oxygen bomb calorimeter (Parr Instrument Co., USA). Sensory evaluation (color, marbling, and firmness scores) was conducted according to the National Pork Producers Council Standards (NPPC 1991) at ambient temperature. Immediately after the subjective tests were conducted, the lightness (L*), redness (a*), and yellowness (b*) values were measured at three locations on the surface of each sample using a Model CR-410 Chroma meter (Konica Minolta Sensing, Inc., Osaka, Japan). At the same time, duplicate pH values of each sample were directly measured using a pH meter (Pittsburgh, PA, USA). The water holding capacity (WHC) was measured in accordance with the methods described by Kauffman et al. (1986) . Briefly, a 0.2 g sample was pressed at 3000 psi for 3 min on a 125 mm diameter piece of filter paper. The areas of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S; M.T. Precision Co., Ltd., Tokyo, Japan). The ratio of water to meat area was calculated, giving a measure of WHC (a smaller ratio indicates increased WHC). The Longissimus muscle (LM) area was measured by tracing the LM surface at the 10th rib, which was conducted using the aforementioned digitizing area-line sensor. Drip loss was measured using a meat sample of approximately 2 g according to the plastic bag method described by Honikel (1998) . Cooking loss was determined as described previously by Sullivan et al. (2007) .
Calculations and statistical analysis
The apparent total tract digestibilities (ATTDs) of DM and N were calculated according to the indicator method with the concentration of chromium. Data were analyzed using the GLM procedures of SAS (1996) as a randomized complete block design with three treatments in 12 blocks. The pen was used as the experimental unit. The means of the treatments were compared by Tukey's multiple range test with a P < 0.05 indicating significance.
Results
During weeks 0-6, pigs fed the xylanase supplementation AX diet had greater (P < 0.05) ADFI compared with those fed the CON diet (Table 2) . No effect (P > 0.05) was observed on growth performance among treatments during weeks 6-12 and weeks 12-16 and overall. As is shown in Table 3 , at the end of week 6, higher (P < 0.05) ATTD of energy was observed in the AX treatment than in the CON treatment. Pigs in the AX treatment had the lowest (P < 0.05) ATTD of energy among all the treatments at the end of week 12. At the end of the experiment, the ATTD of the DM of pigs fed the LX diet was higher (P < 0.05) than those of pigs fed the AX or CON diets. The redness values in LX and AX treatment were higher (P < 0.05) than in the CON treatment (Table 4) . Lower (P < 0.05) drip loss percentage on day 7 was observed in the LX treatment than in the CON treatment. There was no effect (P > 0.05) on pH value, LM area, water holding capacity, cooking loss, and sensory evaluation among treatments. At the end of the experiment, there was no effect (P > 0.05) on the backfat thickness among treatments.
Discussion
The potential of the nutritive value of wheat in diet for pigs and poultry is not fully realized because of certain physical and chemical characteristics (Campbell and Bedford 1992) . The NSP-degrading enzymes have had inconsistent effects on growth performance in swine (Bedford and Schulze 1998) . For example, Tossenberger Note: Means in the same row with different lowercased letters differ significantly (P < 0.05). ADG, average daily gain; ADFI, average daily feed intake; CON, basal diet; LX, low-energy diet + 0.01% xylanase; AX, alternative diet + 0.01% xylanase; SE, standard error. Note: Means in the same row with different lowercased letters differ significantly (P < 0.05). CON, basal diet; LX, low-energy diet + 0.01% xylanase; AX, alternative diet + 0.01% xylanase; SE, standard error. Note: Means in the same row with different lowercased letters differ significantly (P < 0.05). CON, basal diet; LX, low-energy diet + 0.01% xylanase; AX, alternative diet + 0.01% xylanase; SE, standard error.
and Kühn (2011) reported that xylanase supplementation did not lead effect of weight gain in growing pigs but a clear improvement in late finishing pigs. Zijlstra et al. (2004) found that supplementation of a NSP-degrading enzyme to wheat and canola meal-based diet improved ADG as a result of improved ADFI. However, in our study, xylanase apparently improved the ADFI of alternative diet during wk 0-6 and did not affect the ADG. Energy content affects feed intake in most cases (NRC 2012) . Dietary crude protein (CP) balance and amino acid (AA) balance influence feed intake (Henry et al. 1992) . It is reported that the release of nutrients with xylanase supplementation might reduce feed intake because (I) extra released nutrient might trigger a feedback mechanism to reduce feed intake as a result of a glucostatic or aminostatic response or (ii) there is a nutrient imbalance within the gastrointestinal tract of the pig. Both factors mentioned above would combine improved nutrient digestibility with a lowered ADFI, as was observed with xylanase supplementation (Nortey et al. 2007 ). However, the study diets were isoenergetic; unlike our present study, the alternative diet has a relative low ME level. So, it may explain the result that the NSP-degrading enzyme did not improve growth performance of growing-finishing pigs in this study.
Although there is no difference in G/F, increased ADFI and the same ADG indicated that the utilization of feed was low in the alternative diet, which may be ascribed to the low ME content of the diet. Replacing the expensive energy-providing feed sources such as corn with relatively cheap energy-providing feed sources such as wheat could be attractive economically. However, pigs require energy to maintain normal body processes, grow, and produce. Feeds supplying energy are major components of all swine diets, and the quantity of diet voluntarily consumed by pigs is related to its energy content (Holden et al. 1984) . The nutrient value of a feedstuff is based on several factors besides its energy content such as acceptability, availability of energy, and the feed's contribution of other nutrients (protein or amino acids, vitamins, and minerals). Dietary NSP, the primary complex carbohydrates in the cell wall of bran and kernel layers of cereals such as wheat, was observed to be responsible for antinutritive activities that negatively affect performance of pigs and poultry (Maga 1982; Dierick and DeCuypere 1994) . Xylanase may improve the nutritional value of high-NSP diets by partially hydrolyzing soluble and insoluble NSP, decreasing digesta viscosity, and rupturing NSP-containing cell walls and thereby releasing their contents for enzymatic hydrolysis (Diebold et al. 2004 ). The inverse relationship between NSP content and nutrient digestibility in swine has been well documented. Supplemental xylanase may hydrolyze arabinoxylans and thereby increase energy digestibility of wheat (Diebold et al. 2004) . Therefore, one approach is to supply xylanase with the diets containing high NSP content, which causes low digestibility, to improve the nutrient utilization for young pigs (Li et al. 1996) . It was also indicated that the NSP digesta partly moved from large intestine to small intestine by NSP-degrading enzymes. Thus, the NSP-degrading enzymes can improve energy utilization of high-NSP diets in young pigs (Graham et al. 1986 ). Moreover, xylanase supplementation improved energy and DM digestibility (Nortey et al. 2007) .
Typically, the consumption of diets with high energy levels or fat tends to increase backfat thickness (Pettigrew and Moser 1991) , but not pH, drip loss, firmness, and color score (Apple et al. 2004 ). The supplemental xylanase might increase the energy digestibility of diets, which can be used to explain that although the energy level of diets was different, the backfat thickness was unaffected by treatments. The arabinoxylans contained in these sites are a major substrate for xylanase. As in the digestion of the arabinoxylans, phosphorus and phytate, which may be bundled with the arabinoxylans, would be exposed to the supplemental phytase or the endogenous digestive enzymes. As a weight loss leads to financial loss, WHC is an important technological quality parameter for the meat industry. Moreover, the WHC of meat may influence the sensory quality, as a high cooking loss implies that the meat is sensed as being less juicy and tougher (Martens et al. 1982) . However, there were no studies on the meat quality of pigs fed with wheat-mixed diets and xylanase supplement; we can speculate that the higher P content might be the result of higher redness (a*) value and, respectively, lower WHC.
Conclusion
The growth performance of the pigs fed the basal diet that contained a respectively lower level of wheat was no better than pigs fed either the low-energy diet or the alternative diet with xylanase supplementation applied. There were benefits observed to the inclusion of the enzymes in several response measures in the study. The xylanase supplementation in low-energy and alternative diets increased the ADFI during weeks 0-6, the ATTD of energy at week 6, and meat quality (redness and drip loss) in the low-energy treatment.
